In this study we present detailed calculations of absorption line indices on the Lick System based on the new stellar models by Salasnich et al. (2000) incorporating the enhancement of α-elements both in the opacity and in the chemical abundances. Trager et al. (2000b) to estimate the age, metallicity and enhancement degree for the galaxies of the González (1993) sample, and compare the results with those by Trager et al. (2000b) and Thomas et al. (2003a) . Since very large differences are found, in particular as far as the age is concerned, ours are systematically older than those of Trager et al. (2000b) and Thomas et al. (2003a) , we analyze in a great detail all possible sources of disagreement, going from the stellar models and SSPs to many technical details of the procedure to calculate the indices, and finally the pattern of chemical elements (especially when α-enhanced mixtures are adopted). Each of the above aspects of the problem bears on the final result: amazingly enough, at increasing complexity of the underlying stellar models and SSPs, the uncertainty increases. However, the key issue of the analysis is that at given metallicity Z and enhancement factor, the specific abundance ratios [X el /Fe] adopted for some elements (e.g. O, Mg, Ti, and likely others) dominate the scene because with the Tripicco & Bell (1995) Response Functions they may strongly affect indices like H β and the age in turn. In brief, with the ratio [Ti/Fe]=0.63 adopted by Salasnich et al. (2000) , H β at old ages turned out to be larger than the mean observational value, and therefore the age was forced to very old values in order to recover the observations. In contrast, the results by Trager et al. (2000b) and Thomas et al. (2003a) are immediately recovered if their [Ti/Fe] ratios are adopted, i.e. [Ti/Fe]=0.0 or 0.3, respectively. We have also analyzed how the galaxy ages, metallicities and degrees of enhancement vary with the triplets of indices in usage. To this aim we turn to the Trager "IDS Pristine" sample which contains many more galaxies and a much wider list of indices than the González sample. The solution is not unique in that reflecting the poor ability of most indices to disentangle among the three parameters. Finally, at the light of the above results and points of uncertainty, we have drawn some remarks on the interpretation of the distribution of early-type galaxies in popular two-indices planes, like H β vs. [MgFe]. We argue that part of the scatter along the H β axis observed in this plane could be attributed instead of the age, the current explanation, to a spread both in the degree of enhancement and some abundance ratios. If so, another dimension is added to the problem, i.e. the history of star formation and chemical enrichment in individual galaxies. The main conclusion of this study is that deriving ages, metallicities and degree of enhancement from line indices is a cumbersome affair whose results are still uncertain.
INTRODUCTION
Over the years, much effort has been spent to infer from observational data the age, metallicity, and enhancement of the α-elements of the stellar content in early-type galaxies (EGs) Tantalo 1998; Jørgensen 1999; Trager et al. 2000b,a; Kuntschner 2000; Kuntschner et al. 2001; Vazdekis et al. 2001; Davies et al. 2001; Maraston et al. 2003 ; Thomas et al. 2003a,b; Thomas & Maraston 2003) .
Determining the age and metallicity is a cumbersome affair hampered by the fact that the spectral energy distribution of an old metal-poor stellar population may happen to be the same of a young metal-rich one. This is otherwise known as the age-metallicity degeneracy pointed out long ago by Renzini & Buzzoni (1986) .
A promising way-out is perhaps offered by the absorption line indices defined by the Lick group (Worthey 1992; Worthey et al. 1994) , which seem to have the potential of partially resolving the age-metallicity degeneracy. An extensive use of the two indices diagnostics is currently made in order to infer the age and the metallicity of early-type galaxies (Kuntschner & Davies 1998; Jørgensen 1999; Kuntschner 1998 Kuntschner , 2000 Kuntschner et al. 2001; Trager et al. 2000b; Vazdekis et al. 2001; Davies et al. 2001; Poggianti et al. 2001; Maraston et al. 2003 ; Thomas et al. 2003a,b; Thomas & Maraston 2003) .
The problem is, however, further complicated by a third parameter, i.e. the abundance ratio [α/Fe] (where α stands for all chemical elements produced by α-captures on lighter nuclei). Absorption line indices like Mg2 and Fe measured in the central regions of galaxies are known to vary passing from one galaxy to another (González 1993; Trager et al. 2000b,a) . Looking at the correlation between Mg2 and Fe (or similar indices) for the galaxies in the above quoted samples, Mg2 increases faster than Fe , which is interpreted as due to enhancement of α-elements in some galaxies. In addition to this, since the classical paper by Burstein et al. (1988) , the index Mg2 is known to increase with the velocity dispersion (and hence mass and luminosity) of the galaxy. Standing on this body of data the conviction arose that the degree of enhancement in α-elements ought to increase passing from dwarf to massive EGs Worthey et al. 1994; Matteucci 1994 Matteucci , 1997 Matteucci et al. 1998) . The simplest and most widely accepted interpretation is the one based on the different duration of the star forming period and the different contribution to α-elements and Fe by Type II supernovae from massive stars (mostly producing α-elements) and Type Ia supernovae from accreting white dwarfs in binary systems (mostly generating Fe). Since the minimum mean time scale for a binary mass-accreting white dwarf to get the supernova stage is 0.5 Gyr, the iron contamination by Type Ia supernovae occurs later as compared to the ones of Type II (Greggio & Renzini 1983) . With the standard supernova driven galactic wind model (SDGW) by Larson (1974) and classical initial mass function, to reproduce the observed trend of the [α/Fe]-mass relationship, the total duration of the star forming activity ought to decrease at increasing galaxy mass. Long ago Larson (1974) suggested that the Color-Magnitude Relation stems from a mass-mean metallicity relation, whereby the massive EGs are more metal-rich. He also proposed the SDGW mechanism as the key process by which massive EGs, owing to their deeper gravitational potential, retain gas and form stars for longer periods of time than the low-mass ones. This is the opposite of what implied by the trend in α-elements. The kind of behavior for the star formation history in EGs required by the α-enhancement has been suggested by Bressan et al. (1996) and on the base of their properties in the two indices planes, and more recently confirmed by Poggianti et al. (2001) and the N-body-Tree-SPH models of EGs by Chiosi & Carraro (2002) .
In presence of α-enhanced chemical compositions, ages and metallicities of EGs should be derived from indices in which this effect is taken into account. As long ago noticed by Worthey et al. (1992) and Weiss et al. (1995) , indices for α-enhanced chemical mixtures of given total metallicity are expected to differ from those of the standard case.
The first attempt to simultaneously derive ages, metallicities and [α/Fe] ratios for the early-type galaxies of the González (1993) sample is by by means of the so-called ∆-Method in which the effect of different ratios [α/Fe] on theoretical indices has been included assuming the Borges et al. (1995) calibration for Mg2 and a suitable relationship between total metallicity Z and iron content [Fe/H] ). Similar attempt was made by Trager et al. (2000b, TFWG00) using different calibrations (Tripicco & Bell 1995) but reaching similar results.
However, the SSPs adopted by Bressan et al. (1996) , Tantalo (1998) , and also were actually calculated from the Padova library of stellar models with solar partition of elements and old opacities ). The SSPs adopted by TFWG00 are taken from the even older SSPs library by Worthey (1994) . Recently Thomas et al. (2003a) , Thomas et al. (2003b, TMB03) , Maraston et al. (2003) and Thomas & Maraston (2003) presented synthetic absorption line indices on the Lick system for SSPs with variable chemical abundances calibrated on a sample of Milky Way Globular Clusters whose metallicities vary from Z⊙/30 to Z⊙. In general almost all of the above studies are based on stellar models whose chemical composition (in particular the abundance ratios) are not the same as those used to derive the indices. Stellar models and indices are in a sense decoupled. Since in the meantime more recent stellar models, isochrones, and SSPs with updated physical input and α-enhanced chemical mixtures have become available (Salasnich et al. 2000, SGWC00) , in the present study we intend to bridge the gap and to generate and use indices that are fully compatible with the stellar models underneath, and cast light on how much the results would depend on the internal consistency for the chemical parameters.
The plan of the paper is as follows. Section 2 defines the so-called enhancement factor for a mixture in which the abundance of α-elements with respect to that of Fe is enhanced as compared to the Solar Mix. Section 3 presents a brief description of the new stellar models and SSPs by SGWC00 in which α-enhanced chemical abundances are adopted. Section 4 shortly introduces the definition of the absorption line indices for a single star, and their corresponding integrated values for SSPs. Section 5 presents three different ways or "calibrations" to include the effect of α-enhanced chemical compositions on absorption line in-dices and the choice we have made. Section 6 describes the formalism we have used to derive the integrated indices for SSPs. Section 7 firstly presents the indices for SSPs of different age, metallicity and enhancement factor, secondly illustrates the method to derive these parameters from the observational indices, contains some preliminary results for a selected sample of EGs, and finally compares them with those from previous studies. Since very large differences are found, in Section 8 we analyze in detail the many reasons why such large differences may occur, i.e. the stellar models in use, the coverage of evolutionary phases, and other technical aspects in the calculations of SSP indices. Section 9 is dedicated to the specific subject of the effects caused by using different pattern of abundances for α-enhanced elements, pointing out that this is the parameter driving the whole subject. Specifically we investigate the role played by some important elements, and argue that the source of the disagreement between the results obtained by TFWG00, Thomas et al. (2003a) and the ones presented here is entirely due to the different abundance ratio [Ti/Fe] adopted by SGWC00 (Section 9.6). In Section 10 we examine whether the solution for the age, metallicity and enhancement factor is unique, in the sense that the same result is obtained using different combinations of indices in groups of three. As expected no unique answer is found. To overcome the difficulty we check whether imposing the simultaneous fit of many indices the solution can be better constrained, In Section 11 we draw some remarks on the widely adopted two-indices plane diagnostics to estimate the age, metallicity, and degree of enhancement of α-elements. Finally, a summary of the results of this study and some concluding remarks are presented in Section 12.
CHEMICAL ENHANCEMENT: DEFINITION
In presence of enhancement in α-elements one has to modify the relationship between the total metallicity Z and the iron content [Fe/H] . This is made by suitably defining the enhancement parameter Γ. Following , let us split the metallicity Z in the sum of two terms Z = There in after Γ is referred to as the total enhancement parameter. This relation is useful to re-scale the Fe content in presence of Γ =0 and vice-versa.
To avoid misunderstanding it may be useful to briefly describe the practical derivation of Γ for a set of elements, whose total metal abundance is Z, but in which a sub-group have abundances enhanced with respect of the corresponding solar value. Let denote with Nj the number density of the generic element j with mass abundance Xj and define the quantity Aj as in Grevesse et al. (1996) Aj = log Nj NH + 12
The abundance by mass with respect to iron is given by
which corresponds to
This can be rewritten as function of the number density Nj in the following way
or in terms of Aj
Keeping constant the number density of iron, i.e.
Using [Xj/XFe] and A ⊙ j taken from observational data and Grevesse et al. (1996) , respectively, we can calculate the new mass abundances for the solar-scaled case by means of eqn. (5). In general, the summation of the new mass abundances in the set of enhanced elements will be different from the assigned total metallicity. The mass abundances must be rescaled to the true value X ′ j by means of the relation
Finally the total enhancement factor Γ is simply given by
which is another way of defining the enhancement factor fully equivalent to that of eqn. (4).
A slightly different definition of enhancement has been adopted by TFWG00 and TMB03 which however are fully equivalent to ours so that straight comparison is possible. (3) give the initial chemical composition of the adopted stellar models, whereas columns (4), (5) and (6) list the values of [Fe/H] for the standard solar-scaled composition (Γ=0), the α-enhanced mixture (Γ=0.35) adopted by SGWC00 1 , and another choice for an α-enhanced composition (Γ=0.50) calculated by us for the purposes of this study and to be discussed below. Table 2 lists the detailed pattern of elements and abundance ratios adopted by SGWC00 for the solar-scaled compositions (Γ=0), the α-enhanced mixtures with Γ=0.35, and our case with Γ=0.50. Columns (2), (4) and (8) show the abundance A el of elements in logarithmic scale, columns (3), (5) and (9) display the ratio X el /Z, columns (6) and (10) list the ratio [X el /Fe], and finally columns (7) and (11) show the ratio [X el /H].
The enhancement factors for individual species come from the determinations of chemical abundances in metalpoor field stars by Ryan et al. (1991) . We call attention on the high enhancement factor for Ti, which amounts to [Ti/Fe]=0.63. The analysis below will clarify that the abundance of Ti bears very much on the final result, in particular as far as the H β is concerned. More recent determinations by Carney (1996) and Habgood (2001) Gratton et al. (2003) of abundances for a sample of metalpoor stars (150 objects in total) with accurate parallaxes yields [Ti/Fe] ≃0.20±0.05 with long tails on both sides, the highest values however rarely exceeding 0.4. In spite of this, since the SGWC00 models have been calculated with [Ti/Fe]=0.63, we adopt this value throughout our study to compare the indices and their follow up with those of similar studies. Only at very end we will discuss the consequences of choosing different (lower) enhancement factors for this element.
The stellar models calculated by SGWC00 for Γ=0 and Γ=0.35 extend from the ZAMS up to either the start of the thermally pulsing asymptotic giant branch (TP-AGB) phase or carbon ignition. The major novelty of these stellar models with respect to previous calculations (e.g Bertelli et al. 1994; Girardi et al. 1996) is the opacity whose chemical mixture is the same of the stellar models. No details on the stellar models are given here; they can be found in SGWC00. Suffice it to mention that: (i) in low mass stars passing from the tip of red giant branch (T-RGB) to the HB or clump, mass-loss by stellar winds is included according to the Reimers (1975) rate with η=0.45; (ii) the whole TP-AGB phase is included in the isochrones with ages older than 0.1 Gyr according to the algorithm of Girardi & Bertelli (1998) and Girardi et al. (2000) . Because of the opacities used by SGWC00 the new tracks of high metallicity (Z=0.070) do not develop the so-called hot horizontal branch (H-HB) and AGB-manquè phase for low mass stars (see Greggio & Renzini 1990; Bressan et al. 1994 , for all details) thus affecting a potential source of energy in the UV and visible ranges of the spectra with some important consequences for indices like H β , HγF, etc. Finally for the four sets of stellar models the corresponding isochrones and SSPs are calculated 2 .
ABSORPTION LINE INDICES FOR SSPS
Although the definition of the absorption line indices and how these are calculated for SSPs can be found in the original papers by Burstein et al. (1984) , Faber et al. (1985) , Worthey (1992) , Worthey et al. (1994) , and Bressan et al. (1996) , it may be useful to summarize here the various steps of the procedure. For the sake of easy comparison, we strictly follow the notation adopted by Maraston et al. (2003) . The definition of an absorption line index with passband ∆ λ is different according to whether it is measured in equivalent width (EW) or magnitude as given by
where F l and Fc are the fluxes in the line and pseudocontinuum, respectively. Since the Lick system of indices (Burstein et al. 1984; Faber et al. 1985; Worthey et al. 1994 ) Table 2 . Abundance ratios for the solar-scaled and α-enhanced mixtures adopted in this study. The case for Γ = 0.35 is the same as in SGWC00, the case of Γ = 0.50 has been extrapolated by us (see the text for details). stands on a spectra library with fixed mean resolution of 8Å, whereas most of the spectral libraries in use have a different resolution, the straightforward application of eqns. (13) is not possible. The difficulty is with F l which depends on the spectral resolution. To overcome this problem, the so-called Fitting Functions have been introduced. They express the indices measured on the observed spectra of a large number of stars with known gravity, T eff , and chemical composition as functions of these parameters . Given these premises, the integrated indices of SSPs can be derived in the following way. We start from the flux in the absorption line of the generic i-th star of the SSP, F * l,i
where I * l,i is the index of the i-th star computed inserting in the Fitting Functions the values of T eff , gravity, and chemical composition of the star, F * c,i is the pseudo-continuum flux, and F * l,i is the flux in the passband. The flux F * c,i is calculated by interpolating to the central wavelength of the absorption line, the fluxes in the midpoints of the red and blue pseudo-continuum bracketing the line .
Known the index for a single star, we weight its contribution to the integrated value on the relative number of stars of the same type. Therefore the integrated index is given by
where Ni is the number of stars of type i-th.
When computing actual SSPs, single stars are identified to the isochrone elemental bins defined in such a way that all relevant quantities, i.e. luminosity, T eff , gravity, and mass vary by small amounts. In particular, the number of stars per isochrone bin is given by 
These are the equations adopted to calculate the indices of SSPs. However, in order to evaluate the contribution to the total value of an index by stars of the same SSP but in different evolutionary stages, it is convenient to recast eqns. (17) in a slightly different way. Naming I * l,i the mean index of the isochrone bin, using eqns. (14), and applying simple algebraic manipulations, eqns. (17) become
where f *
) is the contribution of the stars in each isochrone bin to the total pseudocontinuum flux of the SSP. The same notation of eqns. (18) can be used to indicate the j-th evolutionary phase and to evaluate the contribution of this to the building up of a generic index (see Section 8.1 below).
α-ENHANCED INDICES
The Fitting Functions are one of the most crucial issues of the whole problem because it is long known that a great deal of the final results actually depend on them. In the following we shortly summarize the most popular ones and then make our final choice.
The Worthey Fitting Functions
The widely used Fitting Functions by Worthey et al. (1994) (see also Worthey & Ottaviani 1997) In contrast, many studies have emphasized that absorption line indices should also depend on the detailed pattern of chemical abundances (Barbuy 1994; Idiart & de FreitasPacheco 1995; Weiss et al. 1995; Borges et al. 1995) . To cope with this problem two ways out are available: the empirical Fitting Functions by Borges et al. (1995) and the semitheoretical Response Functions by Tripicco & Bell (1995) . Unfortunately, the Fitting Functions by Borges et al. (1995) are limited to Mg2 and NaD. For all the other indices one has to make use of the Worthey et al. (1994) Fitting Functions. Since they are insensitive to α-enhanced but for the different [Fe/H], a great deal of the potential effect of enhancing the α-elements is lost.
The Tripicco & Bell (1995) method
A method designed to include the effects of enhancement on all indices at once has been suggested by Tripicco & Bell (1995, TB95) , who introduce the concept of Response Functions. In brief from model atmospheres and spectra for three proto-type stars, i.e. a Cool-Dwarf star (CD) with T eff =4575 K and log (g)=4.6, a Turn-Off (TO) star with T eff =6200 K and log (g)=4.1, and a Cool-Giant (CG) star with T eff =4255 K and log (g)=1.9, they calculate the absolute indices I0. Doubling the abundances Xi of the C, N, O, Mg, Fe, Ca, Na, Si, Cr, and Ti in steps of ∆[Xi/H]=0.3 dex they determine the incremental ratios ∆I0/∆[Xi/H] in units of the observational error σ0. The absolute indices I0, the observational error σ0, and the normalized incremental ratios δI0 are given in Tables 4, 5 The Response Functions for Cool-Dwarfs, Cool-Giants, and Turn-Off stars constitute the milestones of the calibration. They are used to correct the indices for solar partitions ) in presence of α-enhancement. The technical methods for correcting an index from solar to α-enhanced element partitions have been proposed by TFWG00 and TMB03. Since the two methods are not strictly equivalent, some clarification is worth here. Without providing a formal justification, TFWG00 propose that the fractional variation of an index to changes of the chemical parameters is the same as that for the reference index I0 according to the relation 
differentiate the generic index I with respect to the abundance ratios
and write
where r0.3(i) =
0.3. We have introduced the quantity r0.3(i) containing the partial derivatives to distinguish it from the Response Functions R0.3(i) defined above. Integrating relation (22) we obtain
which upon exponentiation becomes
with the obvious condition that I/I0 > 0. Recalling that TB95 provide the ratio [Xi/H] = +0.6 dex, the exponent may became too large and consequently the correction may diverge. A different reasoning has been followed by TMB03. In brief, they start from the observational hint that in Galactic stars Mg2 ∝ exp([Mg/H]) (see Borges et al. 1995) , to assume that all indices depend exponentially on the abundance ratios, introduce the variable ln I ∝ [Xi/H], and express the fractional variation of an index to changes in the abundance ratios as
Although the exponential term in (27) may look like to that of eqn. (24) actually they do not because the partial derivatives, i.e. the term r0.3(i), are replaced by the response functions R0.3(i).
As general remark, the use of eqns. (19) and (27) requires that the sign of the index to be corrected is the same of the corresponding I0 in TB95. In general this holds good. In principle, it may, however, happen that the signs do not coincide. To overcome this potential difficulty, TBM03 apply a correcting procedure forcing the negative reference indices I0 of TB95 to become positive. This occurs in particular for H β of Cool-Dwarf stars (and others as well). The argument is that TB95 neglecting non-LTE effects underestimate the true values of H β so that negative values found for temperatures lower than about 4500 K should be shifted to higher, positive values (see Fig.12 in TB95). Although we may agree on this issue, we suspect that any change to the values tabulated by TB95 may be risky for a number of reasons: (i) The Fitting Functions have been derived from a set of data that include a significant number of stars with negative values of H β ; (ii) The incremental ratios by TB95 have been calculated for particular stars (stellar spectra) with assigned T eff , log (g), and I0. Changing the reference I0 while leaving unchanged the incremental ratios (partial derivatives) may not be very safe. The ideal approach would be to repeat the TB95 analysis using different samples of data and baseline spectra; (iii) The replacement of the partial derivatives with the TB95 incremental ratios may be risky when dealing with exponential functions; (iv) The large corrections required to shift the I0 for a number of indices; (v) Finally, the use of ln I as dependent variable which requires that only positive values for I0 are considered.
In any case, to proceed further, one has to fix the abundance of those α-elements that are enhanced with respect to the solar partition. With the abundances specified in Tables 1 and 2 and the TFWG00 method (eqn. (19) above) we calculate the relative variations ∆I/I for each index of the Worthey et al. (1994) system for the milestone stars of the TB95 calibration. The results are summarized in Table 3 for Γ=0.35 and Γ=0.50. To avoid misunderstanding, it is worth calling attention that the quantities listed in Table 3 are the total relative variations to changing all chemical abundances at once, and not the response to changing individual species. Several remarks are worth here: firstly adopting the TMB03 procedure the resulting ∆I/I are different and in some cases cannot be even calculated; secondly comparing our ∆I/I with those evaluated by TMB03, in particular for some crucial elements like H β , these latter turn out to be significantly smaller than ours because of the increase of I0 at constant ∆I0/∆[Xi/H] (see above) adopted by TMB03. This will reflect on the nearly constant H β at increasing enhancement they have found. Finally, the fractional variation for the H β index in Cool-Giant stars cannot be defined. Neither relation (19) nor relation (27) can be used, because the index has changed sign with respect to I0. However, since in any case the contribution from this type of stars to the total value for an SSP will be small we simply neglect the correction.
Is there any independent argument favoring one cor- Table 4 . Indices and their variations from Tripicco & Bell (1995) and Tantalo et al. (2004) using the new library of high resolution spectra by Munari et al. (2004) . I 0 always denotes the value of the index for the solar-scaled compositions, whereas I (M/H) is the value obtained by increasing the α-elements by +0.3 dex in Tripicco & Bell (1995) and +0.4 dex in Tantalo et al. (2004) . The selected stars are the same as in Tripicco & Bell (1995) , whereas in the case indicated as "1Å resolution spectra" these are the closest matches in T eff and log (g) in the library to our disposal. The metallicity is always solar. See the text for more details. Table 4 , They should provide a sort of upper limit to the expected correction. Secondly, basing on the huge library of 1Å resolution synthetic spectra calculated by Munari et al. (2004) over a large range of log T eff , log (g), [Fe/H] and both for solar and α-enhanced abundance ratios ([X el /Fe]), Tantalo et al. (2004) have derived theoretical line absorption indices on the Lick system. The α-enhanced mixture is obtained by increasing at once the abundance ratios [X el /Fe] by 0.4 for O, Mg, Si, S, Ca, Ti, many of which are in common with the present list. This is the analog of the case "all metals at once" of Tripicco & Bell (1995) . In the following we will made use of these results in advance of publication to evaluate I0 and I (M/H) and the ratio ∆I/I. The results are presented in the tree columns of Table 4 labelled "1Å Resolution Spectra". Comparing the three groups of data for ∆I/I (i.e. those of Table 3 , those of the TB95 all metals enhanced at once, and those from the 1Å resolution synthetic spectra) the situation is as follows: all the three agree on H β and marginally for Mg2, whereas they disagree on C24668.
Since a great deal of the discussion below depends on the response of H β to Γ and also to the abundance ratios adopted for some elements at given Z and Γ, it is worth commenting on the reason why we expect H β to increase with Γ and/or [X el /Fe]. The effect on other indices is less of a problem. To this aim, with the aid of the Munari et al. (2004) 1Å resolution spectra and the results by Tantalo et al. (2004) , limited to the case of a typical cool-giant with T eff =4000 K, log (g)=4. Firstly in the bottom panel we display the ratio F λ,enh /F λ,⊙ and the pass-bands defining the index H β . The absorption in the α-enhanced spectrum is significantly larger than the solar-scaled one. The effect is larger in the blue pseudo-continuum and central band than in the red pseudo-continuum. This means that α-enhanced mixtures distort the spectrum in such a way that simple predictions cannot be made. This is due to the contribution of many molecular bands and atomic lines of elements like C, N, O, Mg, Ti, falling in the spectral regions of interest. Secondly, in the upper panel we show the spectral energy distribution of the solar-scaled (solid line) and α enhanced (dotted line) spectrum and once more the pass-bands for H β . The open circles and star shows the mean fluxes in the three pass-band and the interpolation of the pseudocontinuum to derive Fc in the case of solar-scaled spectrum. The filled triangles and pentagon are the same but for the α-enhanced mixture. The increase of H β passing from solar to α-enhanced abundance ratios is straightforward.
Even if the ideal situation would be to replace the old Response Functions of TB95 with new ones derived from modern high resolution spectra, this indeed is the main target of Tantalo et al. (2004) , given that the TFWG00 algorithm has been proved to be of general validity, to safely use the incremental ratios of TB95, and to give results in agreement with those from high resolution spectra, for the purposes of the present study we prefer to use the TB95 Response Functions combined with the TFWG00 algorithm for the sake of consistency with results by other authors on the same subject. Finally, it is also easy to check that the same results of TFWG00 and TMB03 are recovered when the same set of chemical parameters are adopted (see the Table 5 of TFWG00 and the discussion in Sect. 9.6 below). It is worth recalling, however, that the final results will somewhat depend on which correcting technique is adopted. This is a point to keep in mind deserving further investigation.
Once the fractional variations of the milestone stars, (∆I/I)CD, (∆I/I)TO, and (∆I/I)CG respectively, are known, they are linearly interpolated both in log (g) and log T eff to get the total fractional variation (∆I/I) to be applied to the solar-scaled indices for each elemental bin of an isochrone while performing the integration along it. The double interpolation scheme assigns different weights to the calibrators according to their distance with respect of the current elemental bin in the HR-Diagram. The dependence of the fractional variations on gravity and effective temperature is imposed by the TB95 study. Having only three stars as calibrators, no other procedure can be found to account for the change of the fractional variations along an isochrone. As a consequence of it, as the age increases and the isochrone TO shifts to lower T eff and higher gravities, the relative weight of CD stars (for some indices they often have the highest Response Functions) on determining the total Response Function gets higher. This is an additional cause of the sensitivity of indices such as H β to the fractional variations.
BUILDING THE INDICES OF SSPS
In this study we will make use only of the TB95 calibration both for the sake of brevity and because we intend to compare our results with those by TFWG00 who adopted the same transformation. With the aid of the SGWC00 SSPs, the pattern of abundances and abundance ratios presented in Tables 1 and 2 , and the TB95 calibrations and its companion corrections listed in Table 3 , we finally derive the whole set of indices on the Lick System for SSPs of different age, metallicity and Γ. To apply the TB95 corrections we proceed as follows: for each elemental bin of an isochrone and/or SSP with assigned Γ, we derive the index according to the Fitting Functions and correct it according to eqn. (19) by interpolating the entries of Table 3 as appropriate to the current values of T eff , and gravity (luminosity class), and follow the whole procedure described in Section 4. Extensive tabulations of the complete set of the Lick System for SSPs of different age, metallicity (Z= 0.008, 0.019, 0.040, and 0.070) and Γ (0, 0.35 and 0.5) are available from the authors and the web site http://dipastro.pd.astro.it/galadriel).
To illustrate the results we show in Fig. 2 ′ , NaD and C24668 3 , for the following combinations of metallicity and Γ, namely Z=0.008 (solid lines) and Z=0.070 (broken lines), Γ=0 (heavy lines) and Γ=0.35 (thin lines). The age goes from 0.01 Gyr to 20 Gyr.
The merit of this set of indices is the internal consistency as far as the chemical parameters are concerned. The stellar models and the indices have been calculated with the same pattern of abundances.
All indices show the same behavior. For ages older than about 3 Gyr they all tend to flatten out (age-degeneracy). In order to quantify the response of the indices to changes in metallicity Z, enhancement factor Γ, and age T we calculated the relative per cent variations Table 5 for the eight indices shown in Fig. 2 . These evaluations can be easily extended to any index of the Worthey et al. (1994) list. It is soon clear that C24668 and NaD strongly depend on metallicity and to a lesser extent on Γ, whereas they scarcely depend on the age. The indices [MgFe] and [MgFe] ′ are almost insensitive to Γ in agreement with TMB03. All remaining indices almost evenly depend on the three parameters with little resolving power. Finally, there is a non negligible dependence on the total metallicity Z for some of the indices (H β in particular). 
GALAXY AGES, METALLICITIES AND ABUNDANCE RATIOS

Which indices to choose?
As already mentioned above, the ultimate scope of a system of indices is to derive the age, metallicity, and enhancement factor of the stars in aggregates of different complexity going from clusters to galaxies, the EGs in particular. To proceed further in the analysis one has to find three or more indices, or combination of these, most sensitive to the parameters in question. It commonly thought that indices like H β are good age indicators, whereas others like Mg b , Fe , Mg2 are good metallicity indicators. However, the results presented in the previous sections and the discussion below will clarify that a certain degree of degeneracy among the different parameters is always present so that there is no clear one to one dependence of an index from age, metallicity and degree of α-enhancement. Furthermore, the choice is often dictated by the available databases of indices. Among others, the most popular databases are the catalogs by González (1993) for nearby field early-type galaxies, and the Trager "IDS Pristine" sample (see Trager 1997, Table 3 .1) for the central regions of elliptical galaxies. For the purposes of the present study, the analysis will be limited to these samples of data, leaving aside for the time being other more recent compilations. The González (1993) catalog provides H β , the iron-group indices, and the Mg-group indices for the region within the radius R eff /8 for a sample of nearby field galaxies. The Trager (1997) sample lists H β , the higher-order Balmer line indices (H δA , HγA, H δF , HγF), the iron-peak indices, C24668, and others. We adopt here the indices H β , Fe , Mg2, Mg b , NaD and C24668 on which much work has been done in the past so that the comparison is possible.
The Minimum-Distance method
As already proposed by TFWG00 the so-called MinimumDistance Method is perhaps best suited to our purposes. Suppose that a galaxy and/or a star cluster is characterized by a set of observationally measured indices I i,obs , from which we want to infer the age, the metallicity Z, and the degree of α-enhancement Γ. On the theoretical side, suppose we have the corresponding indices tabulated as a function of the same quantities in form of discrete grids of values I i,th (tj, Z k , Γ l ) where j, k, and l vary from 1 to a certain value as appropriate. In the space of the indices Ii we define the distance between the observational set I i,obs and a generic point of the correspondent space I i,th :
By varying I i,th over the whole grid space we find the particular triplet j, k, l for which D is minimal. This means to fix the age, metallicity Z, and Γ.
There are two points of concern with the MinimumDistance Method. Firstly, as pointed out by Buzzoni (2004, private communication) , not all indices are expressed in the same units: some are in equivalent width others in magnitudes, which poses a physical inconsistency regarding the distance in such multi-dimensional space. Furthermore even in the case of homogeneous indices, their absolute values may greatly differ. In would be better to re-scale all indices to some suitable units: for instance the variance or the mean values of the observational sample they are applied to, or the intrinsic accuracy. In the following we will apply the method as it is, in order to be able to compare our results with TFWG00. Work is currently underway to revise the Minimum-Distance procedure (Tantalo & Chiosi 2004a, in preparation) . Secondly the method is safe in the case of the star clusters because their stellar content is well mimicked by a SSP. In real galaxies, the situation is more complicate and risky because even in the case of EGs a mix of stellar populations with different age and chemical properties is likely to exist. Therefore the approximation to SSP is no longer valid and SSPs should be replaced by galactic models incorporating the history of star formation and chemical enrichment and the indices to be used should take into account the contribution from all stellar components. Integrated indices for model galaxies have been calculated by but never applied to this kind of analysis. Despite this, since most if not all of the studies in literature are based on the SSP approximation, we will adopt it also here.
To be applied the Minimum-Distance Method requires large grids of SSPs with fine spacing in age, metallicity and Γ. The SGWC00 grids of SSPs cover a wide age range with narrow spacing, and span a large range in metallicity, 0.008 Z 0.070. Thanks to their regular behavior over large ranges of age and metallicity additional SSPs can be added by interpolation. However, the grids are only for Γ=0 and Γ=0.35. The simple extrapolation to higher values of Γ may be risky, because of the non linear response of the calibration to variations of this important parameter. To cope with this problem without embarking in the tedious and time consuming calculations of new grids of stellar models with higher degree of α-enhancement, the following strategy has been adopted. The detailed stellar model calculations by SGWC00 have shown that keeping constant all other physical parameters passing from Γ=0 to 0.35 or equivalently re-scaling [Fe/H] as appropriate, the stellar models by themselves do not change in a dramatic fashion but for expected effects due to the lower [Fe/H] and the higher [α/Fe] that can be easily handled. Taking advantage of it, firstly we prepare a new pattern of chemical abundances having Γ=0.50 by extrapolating the variations in individual species passing from Γ=0 to 0.35 according to the recipe by SGWC00. These have already been shown in Tables 1 and 2 . Secondly, using the SSPs by SGWC00 we calculate new grids of indices 
Analysis of the González sample
Using the above grid of indices, we analyze the same sample of the González (1993) catalog of EGs studied by TFWG00 and compare the results. The indices we have considered are H β , Mg b and Fe . The preliminary step is to check if the three indices and the method pass the quality test, i.e. if the observational input values and the theoretical ones coincide within an uncertainty of 10%. The quality test is shown in the three panels of Fig. 3 . , and max(∆Γ) as the associated uncertainties. The effect of the observational uncertainty is measured by the vertical bars on point in the three panels of Fig. 5 . It is soon evident that the observational uncertainty on the indices scarcely affects the determinations of the age, metallicity, and Γ but for a few exceptions. Thanks to it, we will not carry out the analysis of the uncertainty brought about by the observational errors unless otherwise specified.
Even considering the uncertainty due to the observational "errors", there are important differences between TFWG00's results and ours, in particular as far as the age is concerned. While in TFWG00 the majority of galaxies have ages in the range 1 to 15 Gyr with a peak at about 6 Gyr, in our analysis the majority of galaxies turn out to be very old. The metallicity distribution peaks at [Z/H]=0 with a long tail up to [Z/H]=0.5. The peak value is about 0.25 dex lower than in TFWG00. The distributions of Γ are similar. Ours is only 0.1 dex lower than in TFWG00.
The major difficulty of the above results is with the age, because too many galaxies have the formal age of 20 Gyr, which on one hand is unacceptably too old on the other hand is the maximum value of the age grid. This simply means that the solution is poorly determined and all these cases should be discarded. Arbitrarily dropping all cases for which the age is older than 15 Gyr we are left with a handful of galaxies, whose mean age is about 5 Gyr. Thomas & Maraston (2003) have argued that since SGWC00 α-enhanced stellar tracks are bluer than the standard ones, they yield higher H β and weaker indices like Mg2, Mg b , Fe etc. Based on this, TMB03 have concluded that the SGWC00 tracks lead to extremely high ages, without strong impact on metallicity and enhancement factor. Using the TMB03 grids of theoretical indices applied to the González (1993) sample, one gets the results shown in the bottom panel of Fig. 4 , which are virtually indistinguishable from those of TFWG00. Once again the majority of galaxies turn out to be younger than 10 Gyr, about 30% are indeed in the age 10-16 Gyr; incidentally 15 Gyr is the age limit of the TMB03 grids. As far as the total enhancement and metallicity are concerned, the distribution of Γ peaks in the range Γ≃0.2-0.4, whereas the distribution of metallicities peaks in the range [Fe/H]=0.2 to 0.4. In any case TMB03 SSPs yield ages that are significantly different from those of the present study.
The obvious conclusion would be that different stellar models and different chemical compositions cause the disagreement between TFWG00 and TMB03 results and ours. We suspect, however, that the reality is more complex than this simple conclusion. The suspicion arises from the similarity between TFWG00 and TMB03 despite the large difference in the input stellar models and SSPs, and the large discrepancy of our results which provide formal solutions for the age that are at the limit of the grids. It is therefore mandatory to examine the whole problem starting from its fundamentals. The analysis is split in two parts: firstly (Section 8) we will examine in detail the effects of different stellar inputs (isochrones, SSPs, etc.) and some important technical details. Secondly in Section 9 we discuss the effect of different patterns of chemical abundances that are adopted to build, at given total metallicity Z, the total enhancement factor Γ, in other words the effect given the pattern of [X el /Fe].
WHY SUCH BIG DIFFERENCES? THE STELLAR MODELS AND MORE
In this section we perform a systematic analysis of the effects on the absorption line indices diagnostic to assess the galaxy age, metallicity and degree of enhancement, caused by using SSPs, in which the various evolutionary phases are taken into account with different level of accuracy and completeness, by adopting different grids of theoretical indices to apply the minimum distance method, and finally by adopting different methods to correct the indices for α-enhancement.
The stellar models-isochrones and SSPs
As already mentioned, the indices of TFWG00 are based on the SSPs calculated by Worthey (1994) . These latter in turn are obtained by patching together stellar models (isochrones) by Vandenberg (1985) , Vandenberg & Bell (1985) , Vandenberg & Laskarides (1987) , and the Revised Yale Isochrones (Green et al. 1987, RYI) . The Vandenberg isochrones have been extended up to the T-RGB phase using the giant branches of RYI with a number of extrapolations. As far as later stages are concerned, namely HB and AGB, they have been added by means of the Fuel Consumption Theorem of Renzini & Buzzoni (1986) . See Worthey (1992) and Worthey (1994) for all details. The least we can remark is that these SSPs are a patchwork of many sources of data, which may not be fully self-consistent in all details. It is hard, if not impossible, to trace back all aspects of internal inconsistency (different physical input in the underlying stellar models, such as opacity, equation of state, mixing length parameter etc., initial chemical composition, important details of short lived phases, and finally numerical accuracy). The SSP models adopted by TMB03 and Thomas & Maraston (2003) are those of Maraston (1998) which amalgamate detailed stellar models calculations and the fuel consumption theorem (Renzini & Buzzoni 1986 ) to estimate the energetics of the post main sequence phases. Finally, the SSPs of SGWC00 stem from accurate evolutionary stellar models and isochrones, homogeneous in their input physics and extending up to the latest visible phases. Their net advantage is (at least) the internal consistency, which secures that no spurious effects are added to the problem. In addition to this, in the course of our study we will occasionally use sub-sets of isochrones and SSPs of the Padova library released in different years in order to compare results based on stellar models approximately calculated with the same physics (opacity, nuclear reactions, equation of state, etc). In particular we will use the SSPs calculated by . which are based on physical input more or less coeval to that adopted for the SSPs of Worthey et al. (1994) . With respect to the classical SSPs by Bertelli et al. (1994) , they differ in the mass-loss rate during the AGB phase for which the formulation by Vassiliadis & Wood (1993) was adopted. Since these SSPs have been amply described for the first time in the database for galaxy evolution models by Leitherer et al. (1996) , we will refer to them as the 1996 Tantalo's version of the Padova SSPs (TPD96).
Given these premises, it might be worth of interest (i) to assess the contribution from stars in different evolutionary phases to the total value of the SSP indices; (ii) to estimate the uncertainty in the index values caused by neglecting late evolutionary phase; (iii) to compare the TFWG00 SSPs with the closest SSPs of the Padova library; (iv) to examine in some detail the effect of core HeB and later phases at old ages and/or very high metallicities; (v) to compare results for the same type of SSPs but different metallicities and enhancement in α-elements; (vi) finally, to mention at least the effect of the enrichment law ∆Y/∆Z.
(i) Relative contribution by different phases. To this aim the SSPs have been split into five evolutionary phases, i.e. (1) up to the main sequence turn-off (TO), (2) from the TO to the tip of the RGB (T-RGB), (3) from this to the end of core He-burning (HeB), (4) from this stage to the end of the TP-AGB, and finally (5) from this latter down to the formation of Planetary Nebulae and incipient White Dwarf cooling sequence (P-AGB) 5 . We have considered the SSPs by TPD96 with solar metallicity and no enhancement in α-elements (Γ=0). Although these SSPs are somewhat different from the corresponding ones by SGWC00, they offer the advantage that the various evolutionary phases have already been marked by the authors.
In Fig. 6 we show the relative contribution of each phase as function of the SSP age. The relative contribution is defined as follows
where I stands for the generic index, j for the phase running from 1 to 5 (j − 1=0 is the main sequence), I SSP for the total, and finally the phase contribution Ij is calculated according to eqn. (18).
On the average, lumping together the various steps in three major contributions and neglecting details depending on the particular index under consideration, we find ∆ITO/∆IMS=0.1, ∆IT−RGB/∆ITO=0.3-0.5, ∆IAGB+P−AGB/∆IT−RGB=0.1.
(ii) Neglecting late evolutionary phases. Since not all SSPs in literature contain all evolutionary phases predicted by the theory of stellar evolution (in some extreme cases they do not extend beyond the TO or the T-RGB) it is worth looking at the uncertainty introduced in the indices by neglecting late evolutionary phases. To this aim we have calculated the indices of fictitious SSPs whose last evolutionary phase is the TO, the T-RGB, the end of core HeB, the end of the TP-AGB, and the P-AGB. Once again, the SSPs in use are those by TPD96. Since no other evolutionary phase is supposed to exist beyond the considered termination stage, the resulting index is physically consistent even though it does not correspond to a real value.
The results of this experiment are shown in Fig. 7 which displays the difference 5 To be precise this classification strictly applies to SSPs older than say 0.1 Gyr, i.e. those whose TO mass is smaller than about 5 M ⊙ . HeB stages may significantly affect the total index as already known from the analysis of the relative contributions; (b) Depending on the age and index under examination the Post-TO phases may either increase or decrease the index expected from the sole stars up to the TO. When the difference is positive, neglecting stages beyond the TO and/or the T-RGB means that the index in question is underestimated (often by a significant amount). The opposite when the difference is negative; (c) In any case all phases beyond core HeB do not significantly contribute to the final value of an index.
Chief conclusion of the above analysis is that detailed and accurate calculations of SSPs throughout all evolutionary phases are the main prerequisite to obtain reliable indices. Passing to the SGWC00 library of SSPs, we recover most of the trends presented above, even if there are significant differences in the details.
(iii)Which of the Padova SSPs get closer to TFWG00? Going back to the SSPs adopted by TFWG00, they are not strictly equivalent to those in usage here first because they are for solar-scaled compositions and second they stand on stellar models calculated with somewhat older physical input. To cope with the latter point of inconsistency, we prefer to compare the SSPs of Worthey et al. (1994) with the TPD96. It is worth recalling that both libraries and TPD96) even if in a different fashion, include all stellar evolutionary phases.
In Fig. 8 we compare the indices calculated with the TPD96 SSPs including all evolutionary phases (thin lines) with those obtained by Worthey (1994) (full dots and lines). The two grids of models differ in several important details: (a) There is a large offset in Fe at given metallicity; (b) At old ages the indices based on TPD96 tend to reverse their trend. The effect is more pronounced for high metallicities. The reason of this is the anomalous behavior of the core HeB and later phases at increasing metallicity to be discussed below. (c) Remarkably, the Worthey et al. (1994) grid supposedly extending up to the latest evolutionary phases is actually in closer agreement with the TPD96 truncated at the T-RGB. All this could suggest that part of the disagreement could reside in the way the HeB stages are included by Worthey et al. (1994) . However, the same argument cannot be invoked for the indices by TMB03, which are based on stellar models/SSPs that are calculated with accuracy comparable to that of the TPD96 models.
(iv) Effect of core HeB and later phases. Comparing the complete SSPs of TPD96 with those by SGWC00, see Fig. 2 , we note the important effect on the indices caused by core HeB stars at varying age and metallicity. In brief, at normal metallicities, say up to Z≃0.008, a sort of upper limit for stars in Globular Clusters, at very old ages (older than about 15 Gyr) the indices suddenly increase (H β ) or decrease (e.g. Mg2, Mg b , Fe ). The same occurs for metallicities greater than Z≃0.008, but the age at which the trend is reversed gets lower and lower at increasing metallicity. The reversal of the indices at old ages and/or high metallicities is fully explained by the behavior of core HeB stars. Limiting the discussion to low mass stars and old ages in turn, the rule is that core HeB (or HB morphology) takes place closer and closer to the Hayashi line at decreasing age and/or increasing metal content. The trend is the result of three concurring effects: the value of the TO mass (age), the amount of mass lost at the T-RGB (details of the adopted mass-loss rate are very important in this context), and the metallicity itself. Under current estimates for the efficiency of mass-loss, the HB phase gets redder and redder at increasing metal content and the AGB phase takes place along the Hayashi line (see Chiosi et al. 1992 , for all details). This is the typical behavior of stars in Globular Clusters. However, as pointed out long ago by Brocato et al. (1990) , Castellani & Tornambé (1991) , Horch et al. (1992) , Dorman et al. (1993) , Fagotto et al. (1994) , and Bressan et al. (1994) , if the metallicity happens to be higher than the typical value for the most metal-rich globular clusters, this simple scheme breaks down. In brief at high metallicity (close to the solar value), the evolution does not proceed toward and along the AGB, but toward a slow phase taking place at high effective temperature without going back toward the AGB (the so-called AGB-manquè phase, see Greggio & Renzini 1990 , for more details). For solar and twice solar metallicity, the blue phase begins during the shell He-burning. For 3 times solar metallicity it begins during the late stages of core Heburning. For still higher metallicity a large fraction of the core He-burning lifetime is spent at very high effective temperature and high luminosity, see Bressan et al. (1994) for more details. All this would immediately reflect onto the broad-band colors and indices that are sensitive to the flux emitted in UV-visible part of the spectrum. The effect is that many indices reverse their trend at increasing age and increasing metallicity as already shown in Fig. 8 for the indices H β , Mg2, Mg b , and Fe . The SSPs by SGWC00 do not display the above trend (at least in range of ages and metallicities they have considered) because of the different physical input of the stellar models, in particular the mixing length, the opacity, and the prescription for mass-loss during the RGB and AGB phases (see SGWC00 for details).
(v) Varying metallicity and Γ. Although this topic has already been addressed in Section 6 and partially shown in Fig. 2 , it is worth of interest to stress here once more how the indices, based on the same type of stellar models, depend on Z and Γ considering the whole range of values spanned by the parameters. The SSPs are those by SGWC00. The results are shown in Fig. 9 as function of the age, metallicity, and Γ. The thin lines are the case with Γ=0, whereas the thick lines are for Γ=0.5. Of the four indices on display, Mg2 has the lowest dependence on Γ, the opposite occurs for Mg b . At increasing Γ, the index Fe decreases simply due to the fact that higher values of Γ imply lower values of [Fe/H] . The dependence on Z at given Γ is as one would expect from simple considerations. A special remark is due to H β , which at increasing Γ and Z shows an unexpected trend. First of all, it significantly increases passing from Γ=0 to 0.5. Second, for the case with Γ=0.5 the dependence on the metallicity is reversed and even more relevant here it is no longer monotonic. At ages older than about 3 Gyr, the more metal-rich SSPs reach the maximum value in the age range 5 to 10 Gyr and then move to lower values. All these trends are in agreement with the entries of Table 5 . Similar results are found for the SSPs of TPD96.
(vi) The enrichment law ∆Y/∆Z. The Padova database of stellar tracks has been calculated assuming a suitable law of chemical enrichment ∆Y/∆Z, i.e. the relation Y − Yp = β(Z − Zp), where Yp and Zp are the primordial helium and metal abundances, respectively, and β is the enrichment ratio. If Zp=0 is an obvious choice, excluding the effect of primordial PopIII stars that in principle could alter both Yp and Zp (Marigo et al. 2002; Salvaterra & Ferrara 2003) , the choice of Yp and β is more difficult. A recent observational estimate by Peimbert & Peimbert (2002) yields Yp=0.23 and β=2.1±0.5. Bertelli et al. (1994) have adopted Yp=0.23 and β=2.5 (Pagel 1989) , whereas SGWC00 have chosen Yp=0.23 and β=2.25 as in Girardi et al. (2000) . Other databases of stellar tracks and SSPs have been calculated and/or assembled either explicitly or implicitly assuming similar enrichment laws, e.g. the SSPs by Worthey (1994) and TFWG00 in turn have Yp=0.228 and β=2.7, whereas Maraston (1998) adopts Yp=0.23 and β=2.5 but for extremely high metallicities for which adopts the Salasnich et al. (2000) prescription. In many other cases the ∆Y/∆Z relationship is simply ignored. Unfortunately no useful set of stellar tracks can be found in literature, in which a large range of metallicities are explored at constant Y. Basing on the few and limited set of stellar tracks to disposal, suffice it to note here that stellar models with the same Z and higher Y tends to be brighter and bluer than those of lower Y. This would immediately reflect onto the colors and indices of the associated SSPs. This is a point to keep in mind when exploring the effect of Z because depending on the chosen set of models, varying Z can actually mask also important effects of Y.
Final remark. The above discussion clarifies first that not all stellar models are equivalent -indeed important dif- ferences exist even among libraries calculated by the same group, see e.g. TPD96 and SGWC00 (the most relevant differences here are the opacities and the prescription for the mass-loss rate at the T-RGB) -, second that details of stellar models might bear very much on the final correlation between indices and metallicity and age. This latter point is not trivial considering that high metallicity stars (well above solar) could exist in the population mix of EGs, see Bressan et al. (1994) . Finally, the effect of Γ is of paramount importance and opposite to what expected from simple-minded considerations.
Comparison between SGWC00 and TMB03
In view of the discussion below, it is worth of interest to compare the indices calculated by TMB03 with ours derived from the SGWC00 stellar models and set of abundances. This is shown in Fig. 10 for three selected indices, i.e. H β , Mg b and Fe , Γ=0, 0.35 and 0.50, and several values of the metallicity in common (Z=0.008, 0.019, 0.04, and 0.07). For Γ=0 the two sets of models almost exactly coincide, whereas at increasing Γ they progressively differ especially as far as H β and Mg b are concerned. For any value of Z, our indices are higher than those of TMB03. The differences at increasing Γ are likely due to either the adopted enhancement factors for individual elements or the correcting procedure or both. We will come back to this issue in Sects. 9 and 9.6.
Extrapolating the grids of indices
There is another important point to be made that could bear very much on the final results, i.e. the way grids of To illustrate the point let us have a close look to the extension made by TFWG00 of the Worthey (1994) grid of SSPs already shown in the various panels of Fig. 8 . The maximum age of the SSPs is 17 Gyr and three values of metallicity are considered, i.e. Z=0.007, 0.02, 0.05. For ages older than about 5 Gyr the behavior of the various indices under examination is very smooth, almost linear in the two parameters. Basing on this, the linear extrapolation of the indices to older ages, higher metallicities, and higher values of Γ seems to be reasonable. Indeed the grids have been extrapolated by TFWG00 to ages up to 30 Gyr and metallicities up to Z=0.07.
However we have amply discussed that stellar models, SSPs, and indices in turn are very sensitive to age and metallicity, and that past the T-RGB some unexpected evolutionary phases may appear largely affecting the regular trend of the indices in previous stages, at younger ages and/or lower metallicities. The effect is clear comparing the old SSPs/indices of TPD96 to those of SGWC00 and the experiments on the indices that we have performed with the TPD96 SSPs truncated at different evolutionary phases. Furthermore, we have already noticed that TFWG00 grids of indices even in the age and metallicity ranges covered by the original Worthey (1994) models are much akin to the TPD96 ones truncated at the T-RGB.
Therefore the use of incomplete grids of stellar models and the straight extrapolation of stellar models/indices to much older ages and/or much higher metallicities might not be a safe procedure to adopt.
Calculating and correcting SSP indices for α-enhancement
To derive the indices of SSPs and correct them for α-enhancement two different procedures are currently in use: (i) The star by star case. This is the method followed by us as described in Section 6: individual stars along an isochrone of given metallicity and Γ are approximated by the elemental bins of small ∆logL/L⊙, ∆T eff . For each bin the indices are derived from the Fitting Functions (which in turn depend on log T eff , log (g), and [Fe/H]). The indices of the elemental bins are corrected for enhancement by means of a suitable technique, and finally the total indices of the SSP are calculated according to relations (15).
(ii) The phase by phase case: TMB03 and TFWG00 split the basic SSP model in three evolutionary phases: dwarf (D), turn-off (TO), and giants (G), derive the indices for the each phase summing up the contribution from the elemental isochrone bin, correct the indices of each sub-phase by means of the TB95 Response Functions and finally get the total indices of the SSP according to relations (18) (19) and (27).
We will see that passing from method (i) plus relation (19) to method (ii) plus either relation (19) as in TFWG00 or (27) as in TMB03, the indices will not differ by more than 15% provided all other conditions are the same.
WHY SUCH BIG DIFFERENCES? THE ABUNDANCE PATTERNS
Another important and obvious source of disagreement are the patterns of abundances especially when α-enhanced mixtures are adopted. As matter of fact, a star index depends on the gravity, T eff (that are function of the gross chemical parameters, Y and Z) and detailed chemical composition at the surface ([Fe/H] at least). This is particularly relevant when corrections are applied to pass from solar-scaled to α-enhanced mixtures. In other words, an index is likely to depends more on the detailed pattern of abundances adopted in the Fitting Functions and Response Functions than on the gross chemical parameters of the underlying stellar models. Furthermore, comparing the distributions in age, metallicity and Γ (Fig. 4) based on the SGWC00 indices with those by TFWG00 for their C 0 O + model is not fully correct because the two patterns of abundances are not the same.
To clarify the subject we perform several experiments combining different sets of isochrones with different choices for the abundance patterns, the α-enhanced mixtures in particular.
Case A: The SGWC00 set of abundances
In this section we remind the reader that a new set of indices has been calculated adopting the isochrones by SGWC00 and the total enhancement Γ=0.50. Since the abundance pattern of these models has already been presented in Sect. 7.2 no more details are given here. In the following we will refer to the grids of the SGWC00 indices with Γ=0, 0.35, and 0.50 as Case A (see the range of this grids in Sect. 7.2).
Case B: The
Since the TFWG00 indices are calculated from solar-scaled stellar models-SSPs on the top of which different degrees of enhancement are added by means of the TB95 calibration (to a first approximation the effect of enhancement on stellar models is neglected) we have to recover the same situation.
To this aim we adopt the SSPs by TPD96 up to the P-AGB phases (see section 8.1 above), and the pattern of enhanced abundances as in the model by TFWG00 labelled C 0 O + . The abundance patterns presented by TFWG00 have three groups of elements:
Enhanced elements
6 : N, Ne, Na, Mg, Si, S, Ti plus sometimes C and/or O. They are indicated by TFWG00 as Eelements;
Depressed elements 7 (i.e. Fe-peak Group): Cr, Mn, Ca, Co, Ni, Cu, Zn, Fe, that we denote as D-elements;
Fixed elements, which means solar-scaled.
Furthermore, different values can be assigned to C and O. In their model C 0 O + , C belongs to the group of fixed elements whereas O to the group of enhanced elements.
To properly compare our results with those by TFWG00, we must establish the correspondence between our definition of Γ with that adopted by TFWG00. According to their notation, our eqn. (4) can be cast in the following way In Table 6 (the analog of Table 4 in TFWG00) we summarize the abundance ratios we have adopted to correct the indices according to their model C 0 O + and our definition of Γ given by eqn. (4) or (12). Column (1) gives the constant A. Column (2) yields the enhancement factor ([E/Fe] or equivalently Γ/A in our notation). Columns (3) and (4) list the amount of depression and enhancement for E-and D-elements, respectively. Finally columns (5) through (8) give the mass fractions of C, O, Fe and enhanced elements. The ranges of age, metallicity and enhancement spanned by our new grid based on the TPD96 SSPs is 0 T 20 Gyr, 0.008 Z 0.100 ( 
Comparing the indices of Cases A, B and C
In this section we quickly compare the results for the three cases above. In Fig. 11 we present the six indices under consideration as function of the age for the case with solar composition (Z=0.019) and enhancement [E/Fe]=0.31 (we adopt here the notation by TFWG00). It is soon evident that Cases A and C, whose indices are calculated with same pattern of abundances, yield nearly the same results despite the fact that they stand on different SSPs/isochrones. The largest difference is with Case B which has a different set of abundances. This experiment clearly shows that the abundance ratios are the key parameter. The opposite conclusion reached by TFWG00 is likely due to an insufficient exploration of the parameter space since they limit the analysis to varying only C and O. We show in Section 9.6 how the adoption of a particular set of abundance ratios would reflect onto the age estimate. 
Ages, metallicities and Γs from Cases A, B and C
The results obtained from the Minimum-Distance Method applied to the González's sample and the different sets of theoretical indices are summarized in Fig. 12 . Uncomfortably, each case yields different results due to the different assumption for the input SSPs and pattern of abundances. Looking at the cases in more detail, we note the following: (i) Case A -Ages clusters in two groups, from 1 to 15 Gyr, and 19 to 20 Gyr, where the majority of the population is found. The metallicity now goes from [Z/H] = −0.1 to 0.2 with a tail to higher values. On the average it is lower than in TFWG00. The enhancement factor peaks at A[E/Fe]=0.1-0.2 being about 0.1 dex lower than in TFWG00.
(ii) Case B -The age distribution is much similar to that of TFWG00. The only minor difference is the concentration of objects in the age range 3 to 5 Gyr (about 45% of the galaxies fall in this age bin). The metallicity peaks at about [Z/H]=0.5, and A[E/Fe]=0.2-0.4. In TFWG00, the ages almost evenly distribute from 1 to 16 Gyr with very few objects of 20 Gyr, the metallicity is centered at [Z/H]=0.2 with tails on both sides, i.e. a factor of two lower, the enhancement factor peaks at A[E/Fe]=0.2, a factor 1.5 lower.
(iii) Case C -The age distribution is much similar to that of Case A, even though the maximum age is now shifted to the range 15-18 Gyr. The distribution in metallicity is nearly the same as in TFWG00, only 0.1 dex lower, whereas the enhancement factor peaks at A[E/Fe]=0.1 where the majority of galaxies are found with a short tail extending down to A[E/Fe]=0.
Comparing Case B to Case C the effect of different patterns of chemical abundances in the α-enhanced mix is revealed, whereas comparing Case A to Case C, the effect of different stellar models/isochrones is highlighted. It is soon evident that the pattern of abundances in the enhanced mix plays the dominant role. The results of TFWG00 and TMB03 are indeed recovered when the abundance pattern is the same, this almost independently of the SSPs in use.
The nasty Titanium
The lengthy and detailed discussions of the various aspects of the problem carried out in Sects. 8 and 9 have highlighted that the abundance pattern for the α-enhanced mixtures is the key parameter. However, pinning down the factor truly responsible of the disagreement between our study and the previous ones has so far eluded our efforts.
There is only one aspect of the whole problem, which has not yet been analyzed, i.e. the detailed comparison element by element for which variations with respect to the solar mix are adopted.
As already mentioned, at fixed total metallicity SGWC00 adopt a mixture in which O, Ne, Mg, Si, Ca, Ti, and Ni are enhanced by different factors with respect to the Sun. All other elements in their list, specifically C, N, Na, Cr and Fe keep the solar abundance relative to Fe.
TFWG00 let the abundance of N, Ne, Mg, Na, Si, S to increase, that of C and O either to increase or to remain constant, that of Fe, Ca, Cr to decrease, and that of all other elements to remain constant. However, they have ignored the dependence of the line strength on Ti as "TB95 make contradictory statements about its inclusion in their model atmospheres" (see the footnote n. 5 in TFWG00). The mixture adopted by TMB03 is the same of Model 1 by TFWG00, but they include Ca and Ti in the group of enhanced elements. Looking at the Response Functions of TB95, those of Mg, and Ti are the dominants ones in particular for the Cool Dwarfs. For an enhancement factor 0.3, the TFWG00 and TMB03 mixtures imply [Mg/H]=0.023 and [Ti/H]=0.023. Both are significantly smaller than our values listed in Table 2, the one for Ti in particular which is a factor of ten smaller. We expect therefore that differences in the degree of enhancement adopted for these elements should bear very much on the final results. To check this point we have systematically changed the quantities [X el /Fe] and derived the relative variations ∆I/I for the Cool-Dwarf, Cool-Giant, and Turn-Off stars of TB95. As expected Mg and Ti have a large impact, whereas all remaining elements do not play a significant role. Since Mg is always enhanced by a comparable factor in all studies under examination, whereas Ti is strongly enhanced only in SGWC00, we suspect that the ultimate cause of the disagreement between TFWG00, TMB03 and the present study is the degree of enhancement assumed for this element. To answer this question, we have calculated a new grid of SSPs for which we assume that [Ti/Fe]=0 in the SGWC00 mix and also in our case with Γ=0.50. We compare the time variation of a few selected indices with those by TMB03. The results are shown in Fig. 13 . The agreement is now remarkably good. There is a marginal difference at old ages amounting to the maximum value of 15%, which, as already mentioned, is caused by the correcting procedure, i.e. the star by star versus the phase by phase technique, and the use of relation (19) instead of relation (27) .
It easy to foresee that the age, metallicity, and enhancement histograms will not differ too much from those already presented by TFWG00 and TMB03. Since the exercise is trivial we will not go into any detail. Suffice to show in the top panels of Fig. 14 the results we get for the González (1993) sample. No further comments are required here.
The reason for the very old ages we have found for most galaxies using the SGWC00 indices are the much higher values and the non-monotonic age-dependence of H β (which usually decreases at increasing age) for α-enhanced indices, which in turn are due to the adopted high values of [Ti/Fe] . The other indices in use are scarcely affected by [Ti/Fe] and always keep a monotonic age dependence. Since most observational H β fall in the range 1 to 2, rarely up to 2.5, in a theoretical parameter space favoring high H β s, while leaving unchanged the remaining indices, the observational triplet of indices is rendered by pushing the solution (in particular for the age) toward the old age edge of the grid looking for The list of enhanced elements is the same as in SGWC00 and Case A models, but for Ti, for which the solar value is adopted. But for one exception all galaxies are younger than 15 Gyr. The results refer to the González (1993) galaxies. The solution is essentially the same as in TFWG00 and TMB03. Middle Panels: Solutions for Case D models with [Ti/Fe]=0.20. Even with the small enhancement factor of Globular Clusters, the solution tend to go back to the starting case presented in Fig. 4 . The distributions refer to the same galaxies as in the Top Panels. Bottom Panels: Solutions from Case D models with [Ti/Fe]=0.20 but using six indices instead of three. Now the distributions are for the Trager (1997) catalog. low H β s. Indeed the most common solution is "very old ages, solar metallicity, and weak enhancement" (see Fig. 4 ).
What can we do?
Given the extreme sensitivity of the results to the enhancement factors, the one for Ti in particular, it is worth comparing the choice made by SGWC00 with the most recent determinations obtained by Gratton et al. (2003) for field stars with accurate parallaxes. The mean enhancement for all elements lumped together estimated by Gratton et al. (2003) is [α/Fe] ≃0.30 (i.e. Γ=0.30 in our notation), which roughly corresponds to the case Γ=0.35 in SGWC00. The enhancement factors for the two sources of data are listed in Table 8 . The ratios [X el /Fe] for O, Mg, Si, Ni, Na, Cr, and Fe are almost coincident; that of Ca differs by 0.24 dex, nothing can be said for Ne and S because they are not included in the Gratton et al. (2003) list; finally there is large difference for Ti, which is [Ti/Fe]=0.20 in Gratton et al. (2003) and 0.63 in SGWC00. Although there is no compelling evidence that the data for Galactic field stars hold good also for elliptical galaxies, for which the enhancement factors could be different (likely higher), we may take the estimate of Gratton et al. (2003) for [Ti/Fe] as an indicative value for Γ=0.3 and use it to predict the abundances for Γ=0.5. Therefore, we replace [Ti/Fe] of SGWC00 with this value, keep unchanged the enhancement factor for the other species in the list, rescale the abundances as appropriate, and calculate a new grid of indices therein after referred to as Case D. Repeating the analysis for the age, metallicity and enhancement, we get the results presented in the middle panels of Fig. 14 . Although the situation is not the same as in Fig. 4 , it is also somewhat different from the one presented in the top panel of Fig. 14 because a significant fraction of galaxies with ages from 15 to 18 Gyr are found. This once more confirms the sensitivity of the results to the adopted [Ti/Fe] . Lower values for this parameter are likely more appropriate. In spite of this, Case D indices will used throughout the second part of this study.
IS THE SOLUTION UNIQUE?
Another important question to be addressed is whether different indices yield the same answer as far as age, metallicity and enhancement factor are concerned. In so far we have analyzed the triplet H β , Fe and Mg b because tighten to the González sample. However, several equally representative catalogs of galactic indices are available in literature, for instance the Trager "IDS Pristine" sample (Trager 1997) , which allow us to derive the above parameters first for a larger number of galaxies and even more relevant here for different groups of indices. In the following we will consider six different indices (Mg b , Mg2, H β , Fe , NaD and C24668) and all possible combinations in groups of three. The inclusion of NaD and C24668 deserves some cautionary remarks. According to Thomas et al. (2003a) both indices are not well calibrated. In addition to this, C24668 is very sensitive to the C abundance (TB95) and NaD is contaminated by interstellar absorption . The only advantage with these indices is their sensitivity to Z and Γ (see the entries of Table 5 ). Keeping these caveats in mind, we decided to make use of these indices, C24668 in particular, because looking at the quality ranking we are going to present, the situation is not as bad as it may seem. The observational values are indeed well reproduced by their theoretical counterparts.
An index is considered to be eligible for this kind of analysis if its observational and theoretical value coincide within an uncertainty of 10%. In Table 9 we summarize the results of the ranking analysis for the Case D indices, where Y means that a good correlation between the observational and the theoretically recovered value is found, whereas N is the opposite. Three triplets fully pass the ranking text, i.e. H β -Mg b -Mg2, H β -Mg b -C24668, and Mg b -NaD-C24668
The analysis is made for all the galaxies of the Trager (1997) catalog using the Minimum-Distance Method. The results for the distribution of age, metallicity and enhancement factor are displayed in the various panels of Fig. 15 . Each galaxy is identified by its list number in the Trager (1997) catalog. In each panel we show the range (the vertical bar) spanned by the determinations and their mean value (the full circle) obtained from the different triplets of indices. The top, mid and bottom panels show the age, the metallicity, and the enhancement factor, respectively. It is soon evident that a large spread exists for the same parameter derived from different triplets of indices.
Is the dispersion real? In the sense that each combination of indices is more sensitive to some specific property of Table 8 . Overabundances in SGWC00 and Gratton et al. (2003) . Table 9 . Ranking analysis of the index-triplets for Case D models.
the underlying stellar mix and therefore it traces the stellar component most contributing to the indices in question. Or despite the merit parameter not all triplets are actually good indicators?
We have performed many numerical experiments using fictitious SSPs whose terminal stage is the TO, the T-RGB, and the P-AGB in order to understand if the above dispersion is caused by a different response of triplets of indices to some specific evolutionary phase or group of stars. They are not shown here for the sake of brevity. Even if some indices seem to be weakly sensitive to some particular evolutionary phases, the large differences in age, metallicity and enhancement factor that are always found at varying the triplet of indices in use simply reflect that the solution is not firmly established. This is point of embarrassment because there are no strong arguments to prefer one triplet with respect to others. The dispersion we find means that the solution is not firmly constrained.
To cope with this point of difficulty a last attempt is made using all the six indices at once applied to Case D models. The results are shown in the bottom panels panel of Fig. 14. Compared to the results for the same models obtained from the three indices H β , Mg b , and Fe (middle panels), the number of galaxies of very old age has decreased in favor of those with young age (more 90% of the total); the metallicity is on the average 0.3 dex higher, and Γ goes from zero to about 0.1. Figure 15 . Age, metallicity, and enhancement factor obtained from the Case D models but using different index-triplets, i.e. H β -Mg b -Mg 2 , H β -Mg b -C 2 4668, and Mg b -NaD-C 2 4668. The full circles show the mean value of age, metallicity and enhancement factor estimated for each galaxy of the Trager "IDS Pristine" sample whereas the vertical bars indicate the maximum and minimum values. Different triplets yield different results for most galaxies.
A FEW REMARKS ON THE TWO INDICES DIAGNOSTIC
The two-indices planes are customarily used to interpret the observational data of galaxies and star clusters. Popular planes are the H β or HγF vs. Fe or [MgFe] or Mg b to derive the age and mean metallicity González 1993; Trager et al. 2000b) , and the Fe vs. Mg2 to asses the degree of enhancement (Worthey 1992; González 1993; Weiss et al. 1995) . The two-indices diagnostics suffers the same uncertainty encountered with the Minimum-Distance Method, however at a lower level of complexity because some of the parameters are hidden. In the following we will examine three typical planes which associate indices that are more sensitive (or unsensitive) to some specific parameter. For instance [MgFe] and [MgFe] ′ do not depend on Γ, the index C24668 is very sensitive to Z, partially to Γ and age, and so forth.
In Fig. 16 we show the planes Mg b vs. Table 7 ) and age. The total enhancement factor of the Trager galaxies goes from Γ=0 to 0.35 with mean value Γ=0.10. Nothing can be said for the remaining parameters.
(ii) The Mg b vs. C24668 plane: this relationship strongly depends on the metallicity and age for Γ=0 (solar) whereas it gets worst (little resolving power) for Γ=0.35. The data cluster in the metallicity range 0.02 Z 0.04 (with a few exceptions on both sides), are likely compatible with Γ =0.10 (values of Γ as high as 0.35 are likely to be excluded), and seem to span a wide range of ages. Incidentally, the low values of Γ agree with the estimates from the Minimum-Distance Method whereas the metallicity is about 0.2 dex lower (see Figs. 14 We emphasize here that other elements like Ti could play the same role: the only requirement is that they have positive fractional variations (∆I/I) to increasing Γ and [X el /Fe]. Assigning age, metallicity and degree of enhancement to a galaxy is a cumbersome affair, because all the three parameters together with possible differences in the abundance ratios [X el /Fe] of some elements concur to scatter the data across this plane. In other words, a galaxy of given H β and [MgFe] ′ could have a certain age and a certain metallicity in absence of enhancement, be older and less metal-rich in presence of enhancement, however in this latter case the true age and metallicity depending also on the abundance ratios [X el /Fe] of some elements (the case being represented here by the effect of [Ti/Fe] ). In addition, the large spread along the H β axis, which is customarily interpreted as an age spread, could be due to a spread in chemical abundances and abundance ratios. Not necessarily, a galaxy with strong H β is a young object, The situation becomes very embarrassing and interesting at the same time because another dimension is added to the problem: the spread in H β could be the signature of different star formation histories and chemical enrichment in turn from galaxy to galaxy. Owing to its implications the issue has been the subject of a companion paper by (Tantalo & Chiosi 2004b ). 
SUMMARY AND CONCLUDING REMARKS
In this study we have investigated the ability of absorption line indices to assess the metallicity Z, the iron content [Fe/H] and Γ in turn, and the age of elliptical galaxies. The analysis has been developed through several steps: (i) Firstly, we have generated grids of indices based on the SSPs by SGWC00 calculated with chemical composition and opacities enhanced in α-elements, and transformations in which the same chemical mixtures have been adopted. The SSPs and associated indices are for three degrees of total enhancement, i.e. Γ=0, 0.35, and 0.50.
(ii) Secondly, we have assessed the response of the indices to variations of age, metallicity, and Γ and found that most of the indices have similar response to three parameters but for a few of them which are definitely more sensitive to metallicity and enhancement. It is worth calling attention that most indices are evenly and weakly depending on the age over large ranges. This is the most crucial aspect of the problem.
(iii) Applying the new grids of SSPs/indices to the popular sample of EGs by González (1993) we have found distributions of age, metallicity and enhancement factors that were too different with respect to previous studies (e.g. TFWG00 and TMB03) of the same data to be simply explained in a simple fashion. This spurred a systematic analysis of the whole problem, in which we have examined the effect of the stellar models and SSPs in use, of the contribution to the integrated indices of SSPs by stars in different evolutionary phases (TO, T-RGB, HeB, TP-AGB, and later), of the evolutionary behavior of stars with unusual metallicity, the enrichment law ∆Y/∆Z, of technical details such as the extrapolation of existing grids of theoretical indices to ages, metallicities, enhancement factors not covered by the original models. Even if each of them bears on the final results. Lastly, we have examined the effect of the particular set of abundance ratios [X el /Fe] that is adopted to reach a certain degree of total enhancement (Γ) at fixed metallicity Z.
(iv) This poses another crucial question because the results much depend on the specific way in which the abundance pattern is built up at given Γ and Z. We have clarified that main reason for the difference between the results obtained with the SGWC00 models and those by TFWG00 and TMB03 is the different assumption made for the ratio [Ti/Fe]. The difference originates from the high Response Function for this element. We suspect that other elements with high Response Function would yield similar effects. This finding adds other dimensions to the problem because the assignment for age, metallicity and Γ much depend on the ratios [X el /Fe] at least from important elements like Mg, Ti, and likely others. The argument is somewhat circular and cannot be easily solved, unless we have additional information on the relative abundances of the enhanced elements.
(v) What we learn from this systematic analysis is that the solution is highly model dependent. The results by TFWG00 and TMB03 can be recovered only if the same pattern of abundances for the enhanced elements is adopted, i.e. [Ti/Fe]∼0 in particular. Passing to SSPs with [Ti/Fe]>0 the tendency is to populate the old age bins of the age distribution. We have taken as upper limit to the abundance ratios [X el /Fe] for some crucial elements like Mg and Ti the values observed in Galactic Globular Clusters.
(vi) In addition to this, we have addressed the question whether the solution found for age metallicity, and enhancement factor is independent of the triplet of indices one has been using. The answer is of course no, in the sense that different triplets having a different resolving power leads to different results. Part of the difficulty resides in the MinimumDistance Method itself which turns out to be inadequate to handle situations in which small variations in the observational and/or theoretical indices imply large variations in the age, metallicity and degree of enhancement. To cope with this difficulty we tried to estimate ages, metallicities, and enhancement in α-elements by simultaneously fitting many indices (six in our case). Though the situation gets better, it is not fully satisfactory.
(viii) Needless to say that the results still depend on the input SSPs and especially on the Response Functions in use. This is a point of uncertainty that cannot be easily improved unless one has independent assessments of the quality of stellar models and calibrations. The Response Functions, in particular, are the major drawback of the whole problem because they are so far available only for three stars in total. A great deal of the results for the α-enhanced mixtures are still affected by the poor and coarse calibration at disposal. Tantalo et al. (2004) are currently working on this problem to provide Response Functions for a large grid of effective temperatures and gravities over the whole HR-Diagram, a large range of metallicities, and both solar and α-enhanced ratios. Some preliminary results of this study have already been anticipated in Sect. 5.2.
(ix) The sensitivity of indices like H β to some abundance ratios (e.g. [Ti/Fe] and likely other elements) adds another dimension to the interpretation of the two indices plane. We have indeed shown how in presence of enhancement (Γ > 0 and suitable ratios [X el /Fe] > 0, [Ti/Fe] in our case) an old galaxy could lie in the same region of a young one with solar abundance ratios. Were this the case, the observational spread in H β could be the signature of different histories of star formation and chemical enrichment in turn passing from one galaxy to another. This topic has been carefully investigated in the companion paper by Tantalo & Chiosi (2004b) in which the suggestion is advanced that part of the scatter along the H β axis observed in the H β vs.
[MgFe] plane could be attributed instead of the age, the current explanation, to a spread both in the degree of enhancement and some abundance ratios.
(x) There is an important remark to be made about the use of SSPs to simulate the complexity of a real galaxy. We have already touched upon this topic in Sect. 7.2, but it should be stressed once more here. In real galaxies, even in the case of EGs, a mix of stellar populations with different ages and chemical properties is likely to exist. Therefore the approximation to SSPs is no longer valid and SSPs should be replaced by galactic models incorporating the history of star formation and chemical enrichment and the indices to be used should take into account the contribution from all stellar components. Some of the properties shown SSPs, especially those caused by non standard evolutionary stages (e.g. reversal of indices like H β at increasing age and metallicity), that now have the same weight in the total balance of the resolving technique, are likely to smear out in the complex mix of stars because the contribution by each SSPs is proportional to the number of stars in the different age and metallicity bins. Integrated indices for model galaxies have been calculated by but never applied to this kind of analysis. This is a point that should be carefully investigated.
(xi) According to the results of this analysis and of previous ones as well, the conclusion one would draw is that EGs span very large ranges of age (and also of metallicity and enhancement in α-elements). The age is, however, the most embarrassing result. Does it means that in galaxies, for which formal ages younger than the typical age of Globular Clusters (say 12 Gyr) are found, the bulk of stars have been formed at such young ages or there are effects to be taken into account? The question has been addressed for the first time by Bressan et al. (1996) , explored in more detail by Longhetti et al. (2000) , and also discussed by TFWG00. The question is: how much a recent, minute episode of star formation, engaging a small fraction of the total mass, may alter the indices of an otherwise old population of stars in EGs? The analyses was made by superposing to the indices of an old population of stars the variation caused by a recent episode of star formation. The result is that indices like H β are strongly affected by even small percentages of young stars: as long as star formation is active they jump to very high values and when star formation is over they fall back to the original value on a time scale of about 1 Gyr. Other indices like Mg2, Fe are much less affected even if the companion chemical enrichment may somewhat change them. In diagnostics planes like H β vs. Fe the galaxy performs an extended loop elongated towards the H β axis, thus causing an artificial dispersion which could be interpreted as an age dispersions, whereas what we really see is the transient phase associated to the temporary stellar activity. The implications of this have carefully been investigated by Tantalo & Chiosi (2004b) with the aid of simulations of later star forming episodes of different intensity and age superposed to an old population of stars.
